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ABSTRACT

Among many influences that the pandemic has and will have on society and the World System as a whole, one of
the most important is the acceleration of the start of a new technological wave and a new technological paradigm
in the near future. This impact is determined by the growing need for the development of a number of areas in
medicine, bio- and nanotechnology, artificial intelligence and others, which we denote as “MANBRIC conver-
gence”. It is shown that the experience of dealing with the COVID-19 pandemic has confirmed that the final
phase of the Cybernetic Revolution will begin in the 2030s at the intersection of a number of medical, bio, digital
and several other technologies, with medical needs as an integrating link. Among the multitude of self-regulating
systems in the economy and life (which, in our opinion, will flourish during the Cybernetic Revolution) socio-
technical self-regulating systems (SSSs) will play a special role. Thus, COVID-19 becomes a powerful impetus
not only in terms of accelerating technological development and approaching the final phase of the Cybernetic
Revolution, but also in changing sociopolitical (and socio-administrative) relations in the forthcoming decades.

1. Introduction
1.1. Multidimensional impact of COVID-19

By now, there have been quite a number of articles about the coro-
navirus (COVID-19 pandemic, caused by severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2)) and its effect on society (e.g.,
Atkeson 2020; Baker et al., 2020; L. Grinin 2020; Irshad 2020; Jasinski
and Bakowska 2020; see also further references below). In addition to
research on possible strategies for dealing with the pandemic (including
its consequences) and various medical aspects, many other issues are
being studied, from economic consequences to the impact on the climate
(Aslam et al., 2020; Belhadi et al., 2020; Brammer et al., 2020; Chak-
raborty and Maity 2020; Forster et al., 2020; Yoo and Managi 2020; see
also below). So far, with the exception of the book by Klaus Schwab and
Thierry Malleret "COVID-19: The Great Reset" (Schwab and Malleret
2020), the study of this new phenomenon still seems mostly

unsystematic. However, one may argue that the COVID-19 pandemic
can become an important driver of even greater changes (e.g., Brammer
et al., 2020; Brem et al., 2020; Hofbauer and Komlosy 2020), whose
nature and consequences, however, are still mostly unclear. We believe
that the COVID-19 pandemic will significantly accelerate the processes
that we have already discussed in our other works (Grinin, L., Grinin, A.,
2015; 2016; Grinin et al., 2017a; 2017b; 2020; Grinin, Korotayev 2015,
Tausch 2016). It will also speed up some other processes that deserve
close attention.

The COVID-19 pandemic has significantly changed the public’s
focus; these changes are likely to persist for a long time. Ultimately, this
may lead to significant technological transformations, which, in our
opinion, are rather underestimated.

In the present article we would like to show that the COVID-19
pandemic has become a powerful trigger which will both accelerate
technological development in medicine and other areas — especially in
the ones forming the MANBRIC-system' — and, at the same time,
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catalyze the convergence of these areas. This is greatly supported by the
sharply increased demand for the development of a number of fields of
medicine, bio and nanotechnology, artificial intelligence and others. In a
series of papers, including ones on the pages of this journal (Grinin et al.,
2017; 2020) we made some forecasts concerning a new technological
wave making the final phase of the Cybernetic Revolution, which is
likely to start in the 2030s to 2040s. In the present article, we refine our
forecast, arguing with greater confidence that due to the COVID-19
pandemic, the final phase of the Cybernetic Revolution will begin in
the 2030s, that is, in the next 10 — 15 years. The COVID-19 pandemic has
not only confirmed our forecasts, but also allowed us to significantly
refine and enrich them.

We also argue that among numerous self-regulating systems in pro-
duction, economy and everyday life that will thrive during the final
phase, the socio-technical self-regulating systems (SSS) will play a spe-
cial role. With the help of Al, they will regulate a variety of adminis-
trative and social relations. During the pandemic, there appeared an
urgent need for regulation of public life, which served as an impetus for
the development of such systems. Meanwhile, the employment of socio-
technical self-regulating systems will almost inevitably lead to a
noticeable change in social and even political relations in society,
shifting them towards e-government and e-state. The present article also
devotes considerable attention to the analysis of the latter, while
addressing such an issue as the rapidly growing threat to privacy and
personal data.

Combining technological and social forecasts in a single study ap-
pears all the more important, since a systematic research of the re-
lationships and interactions between the rapid development of various
technologies, especially Al technologies, medicine and biotechnology,
on the one hand, and social and political relations, on the other, un-
fortunately, remains insufficient. The COVID-19 pandemic has shown
some mechanisms of such system connections, thus helping improve
forecasts.

1.2. Research questions

In this article, we would like to focus on the problems of a possible
acceleration of the final phase of the Cybernetic Revolution in connec-
tion with the COVID-19 pandemic. The beginning of the Cybernetic
Revolution marks changes in technologies and the coming of a new
technological wave when medicine, bio and nanotechnologies, Al and
other technologies will play an important role. It also means an
increasing influence of technology on social, political and other re-
lations. In particular, the unfolding Cybernetic Revolution will be
associated with the widespread introduction of self-regulating systems
in production and a wide variety of services, as well as in everyday life.
Self-regulating systems are systems that can function with minimal
human involvement or without it (Grinin, L., Grinin, A., 2015; 2016;
Grinin et al., 2017a; 2017b; 2020; Grinin, Korotayev 2015, Tausch
2016). Among the existing and future self-regulating systems, we pay
special attention to what we designate as socio-technical self-regulating
systems (SSS). These are technologies designed to regulate administra-
tive and social relations in society through combining the AI with other
technologies; in some respects, they are able to perform functions of
administrative/ law enforcement bodies.

The focus of this article can be formulated in the following questions:

1) How can the coronavirus pandemic affect the speed and canali-
zation of the approaching final phase of the Cybernetic Revolution,
as well as the acceleration of the MANBRIC-convergence?

2) How does COVID-19 influence the formation of socio-technical
self-regulating systems and how can their development affect peo-
ple’s social behavior and formation of an e-state in the future?

Despite the magnitude of these problems, they are closely inter-
connected, so we believe that they should be studied in a single set.
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1.3. Theoretical and practical contributions of this paper

This paper contributes to the analysis of the COVID-19 pandemic as a
trigger for the acceleration of the Cybernetic Revolution. This consid-
erably supports the ideas of the integrating role of the medical tech-
nologies in the MANBRIC-convergence and implies practical
recommendations regarding the most promising directions of the tech-
nological development in the nearest future. The paper also contributes
to the emerging theory of e-government through the introduction of the
notion of e-state, which also suggests some practical recommendations
regarding the regulation of this sphere.

1.4. To whom is this paper relevant?

Due to a rather pressing subject and research questions raised in this
article, it could be relevant to a wide readership—including not only
experts in technological forecasting and its social consequences, but also
to many other experts. Futurologists may find a brain provoking
comprehensive forecast of future development and its negative and
positive aspects, whilst for economists it can be useful for the analyses of
economic projections in light of technological change; as well as for
demographers it might suggest a new approach for the analyses of global
aging and its multiple consequences. Political scientists and politicians
can find answers about political changes during Cybernetic Revolution,
while sociologists and anthropologists can find answers about social
changes generated by the technological development. Philosophers can
also find a wide range of topics discussed in the article, including the
issue of privacy and identity.

2. Theoretical background
2.1. COVID-19, breakthrough technologies, and aging

In the present study, we use a number of studies on COVID-19,
especially of its impact on future changes in society (Schwab and Mal-
leret 2020; see also above), as well as our own studies on the subject (L.
Grinin 2020; Grinin, Korotayev 2020). Among many valuable papers on
the topic, the article by Brem et al. (2020) is worthy of special
mentioning since it provides an overview of technologies related to the
treatment of the coronavirus, as well as adaptation in times of crisis. We
also rely on a number of other works describing the use of different
technologies during the pandemic (Abi Younes et al. 2020; Basu et al.,
2020; Choong et al., 2020; Estrada and Arturo 2020; Jat and Singh 2020;
Jung and Lim 2020; Musyuni et al., 2020; Shah et al., 2020; Skorup and
Haaland 2020). Of course, we were also interested in works analyzing
vaccination and other important medical and biotechnological issues, as
well as their integration (e.g., Brem et al., 2020; Chung et al., 2020;
Musyuni et al., 2020), in addition to general issues of technological
forecasting and social change (Phillips 2007, 2011). To achieve our
research objectives set above, we applied the theory of Production
Principles, which has been elaborated for almost 30 years (see below).

In the analysis of global aging, we rely on demographic projections,
all of which predict an increase in this process in World System within
this century, especially in high- and middle-income countries (Kaneda
et al., 2016; Lutz et al., 2018; UN Population Division 2019; Vollset
et al., 2020; Wittgenstein Center 2020). In this regard, it is worth noting
that the coronavirus pandemic has brought forward the problem of
protecting the elderly as the most vulnerable part of population (see
Brem et al., 2020; Fraser et al., 2020). In our works (Grinin et al., 2017a;
2017b; 2020), as well as in the present article, we support the idea of the
further progression of the global aging process (see Fig. 1 for an
illustration).

The analysis of global aging trend (e.g., Goldstone 2015; Goldstone,
Grinin and Korotayev, 2015; Goldstone et al. 2015) has brought us to the
idea of potentially increasing role of medicine and related technologies
along with their development (see below).
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Fig. 1. Dynamics of the share of older people (60+) in the total population (%) in the 21st century according to the medium and low scenarios of the UN Population

Division forecast.

Source: The authors’ calculation on the basis of the forecast estimates provided by the UN Population Division (2019). Low variant produces a lower trajectory of the
global population as it assumes a more pronounced fertility decline, and, hence, corresponds to a higher share of older people (60+) in the total population. The
lower variant appears more realistic due to considerations spelled out by Vollset et al. (2020).

2.2. Artificial intelligence

For at least two decades, the scientific literature has been discussing
the opportunities, prospects and problems of Al and its certain tech-
nologies, including machine learning, speech recognition, natural lan-
guage generation, location tracking, etc. (e.g. Abi Younes et al. 2020;
Gregg 2018; Hengstler et al., 2016; Liu et al., 2020; Mitchell et al., 2013;
Plebe and Perconti 2020; S.J. Russell et al., 2003).

2.3. E-government and the problem of privacy

In recent decades, there have been studied many aspects of e-gov-
ernment and its prospects (e.g., Pérez-Morote et al., 2020; Silcock 2001),
problems of its development, of the attitude of citizens toward it, as well
as political and legal framework determining the level of e-government
(Glyptis et al., 2020). Nevertheless, we believe that discussion about the

future of e-government, which, in our opinion, may evolve into e-state,
deserves particular attention. The discussions about e-government and
application of Al and ICT are closely related to the impact that science
and technology may have on privacy standards with account of the
opportunities to access and collect personal information and use it
against the interests of people. However, this is not a new issue. Alan
Westin, in his book Science, Privacy, and Freedom (Westin 1966),
analyzed the conflict between privacy and the use of the latest surveil-
lance technologies. However, since that time, communication technol-
ogies, data analysis and surveillance technology have considerably
advanced. As a result, the problem has become even more acute. A
number of works have already been devoted to the analysis of its various
aspects in the present and future (e.g. Ashman et al., 2014; Cecere et al.,
2015; Moustaka et al., 2019; Schwartz 1999; Solove 2008; see also
Brammer et al., 2020; Alharbi 2020).
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2.4. The cybernetic revolution, MANBRIC-convergence and self-regulating
systems

We also rely on the theory of Production Principles and Production
(technological) Revolutions (Grinin, L., Grinin, A., 2015; 2016, Kor-
otayev 2017a; 2017b; 2020; Grinin, Korotayev 2015, Tausch 2016). We
designate the technological revolution that began in the 1950s as the
Cybernetic Revolution. We define three phases in the course of this rev-
olution (see Fig. 2). The first phase lasted until the mid-1990s and was
associated with the rapid development of fundamentally new technol-
ogies, including computer information technology. The second phase
began in the 1990s and is still in progress. The third phase, that is the
final phase of the Cybernetic Revolution, which, as we have earlier
forecasted, will begin in the 2030s or 2040s (below we specify our
forecasts, defining the 2030s as the exact starting period of the final
phase largely because of the COVID 19 pandemic; see also Fig. 3). This
will be a new and powerful wave of innovation, which should accelerate
the scientific and technological development (it is expected to continue
till the 2070s). It will finally form the MANBRIC complex of technolo-
gies. We define this complex after the first letters of innovative tech-
nologies that are being actively implemented and will become the basis
for the final phase of the Cybernetic Revolution (MANBRIC is Medicine,
Additive, Nano, Bio, Robotics, Information and Cognitive technologies).
In our opinion, the centerpiece of the MANBRIC complex, and its inte-
gral part, will be medical technology, which can unite around itself
biotechnology (and, naturally, pharmacology), information and other
technologies.

We connect the integrative importance of medicine in MANBRIC-
complex with a number of factors. Namely, with its growing signifi-
cance for aging society, increase in labor shortages, need of the working
age extension, rehabilitation of disabled people; fast growing pension
obligations (medicine can help here by extending the working age and
improving the quality of biological life); growth of the middle class in
developing countries22 and, in general, with an increase in living
standards and education in them, which in turn leads to an increase in
the medical spending. Even before the pandemic, medical research had a
very prominent place in public funding of science in many countries, for
example, in the United States (Research America 2017), Sweden (Sta-
tistics Sweden 2020), and others. But the COVID-19 pandemic has
greatly increased the focus on health care. We will show below that the
pandemic acts as a trigger increasing the importance of medical and
related technologies (see also Fig. 3).

In our previous works (Grinin, L., Grinin, A., 2015; 2016, Korotayev
2017a; 2017b; 2020; Grinin et al., 2016), we noted that the direction of
general technological development in the final phase of the Cybernetic
Revolution would go towards the development of self-regulating sys-
tems that would eventually become extremely widespread. We define
self-regulating systems as systems that can function with minimal human

Transition to the mature
stages of the Scientific-
Cybernetic production
principle

after the 2070s

Intermediate phase
Type of the phase: modernization
period: from the 1990s to the late 2020s.
It is characterized by the wide diffusion .
of user-friendly computers, cell phones
and other devices.
@

Final phase
Type of the phase: innovative
period: from the 2030s to the 2070s

. Initial phase
Type of the phase: innovative
period: from the 1950s to the 1990s

Fig. 2. Phases of the cybernetic revolution .
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Fig. 3. Pandemic as a trigger of the final phase of the cybernetic revolution .

control or without it. We also pointed out that socio-technical self--
regulating systems (SSS) will appear and spread along with other types
of self-regulating systems (see above our definition of SSS). We began
work on the analysis of this phenomenon (L. Grinin et al. 2020), but the
conclusions were only in the form of some theses.

2.5. Methods

We combine various methods: historical, comparative, evolutionary,
logical, theoretical, systemic (as well as principle of emergence), and
some prognostic methods.22

2.6. Analysis and results

The COVID-19 pandemic has become a phenomenon that, for the
first time in many decades or even centuries, placed health care prob-
lems at the center of both intrasocial and global relations. The pandemic
has affected almost every area of life and activities. This led to notice-
able changes in technologies and their diffusion, as well as in economy,
politics, and the life of society. It has also spawned a number of projects
that can significantly accelerate the development of certain technolo-
gies, as well as change socio-political relations. In general, the analysis
of data in different areas over the recent years allowed us to point out the
following important changes in connection with the pandemic.

A The socio-political and economic role of medicine has sharply
increased due to the large number of COVID infections. This signif-
icantly changed the government’s attitude to health care services
and its funding, including redistribution of the budget in favor of
medical expenses (Abi Younes et al. 2020; Anderson et al., 2020),
which led to an increase in its technological component (Abi Younes
et al. 2020; Brem et al., 2020). In some cases, the redistribution of
funds for R&D was carried out in favor of a number of medical and
biotechnological industries at the expense of other scientific and
technical areas (e.g., Abi Younes et al. 2020; Basu et al., 2020); which
is also in line with the latest WHO guidelines (see, e.g., WHO 2020).
Thus, the needs created by the health care crisis have dramatically
accelerated the adoption of a wide range of technologies, and many
companies have moved quickly in this direction (Schwab, Malleret
2020).

B The role of red (bio-pharmaceutical) biotechnology as a decisive
factor in returning society to normal life has grown. The develop-
ment of vaccines gave impetus for innovative breakthroughs in red
biotechnology and genetic engineering (e.g. Abi Younes et al. 2020).
Funding and application of these biotechnologies, especially vac-
cines, have dramatically increased (Chung et al., 2020; Zimmer et al.,
2020). It is of the utmost importance that already by the end of 2020
several vaccines from different countries and producers became
available, but it is worth noting that more than a hundred different
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vaccines are currently being developed by dozens of companies in
the world (Corey et al., 2020; Jeyanathan et al., 2020).

C The need for isolation and social distancing has led to a dramatic rise
in online technologies. This led to an increase in the use of infor-
mation technologies and their qualitative growth, including in the
areas like remote / telemedicine health care services (e.g., Basu et al.,
2020; Shah et al., 2020), or remote psychological assistance (Liu
et al., 2020), the use and development of biometrics, including
noncontact one (Kumari and Seeja 2021). Let us also mention the
distance education (Rapanta et al., 2020), which has already been
actively developing (Ashman et al., 2014), but has now become a
necessity (Dhawan 2020). One can agree with the forecast of the
significant impact of the COVID-19 crisis on the speed, imple-
mentation and direction of ICT (Abi Younes et al. 2020). The Internet
commerce has also demonstrated explosive growth which has
increased the demand for innovations in robotics, including drones
(Estrada and Arturo 2020; Jat and Singh 2020; Skorup and Haaland
2020).

D The struggle against the coronavirus has raised questions of a) deficit
of medical personnel and prompt treatment of non-pandemic pa-
tients in order to concentrate forces on dealing with the pandemic.
Robots in medicine, in particular robotic surgery (e.g., Kimmig et al.,
2020) can appear useful in this case. The safety of doctors can also be
achieved through the development of robotics (Kimmig et al., 2020;
Palestino et al., 2020; Tang et al., 2021) and remote medical
technology.

E The pandemic has given impetus to the development of a number of
other technologies — in particular, additive technologies (Choong
et al., 2020; Javaid et al. 2020), which also have important medical
applications (Choong et al., 2020). Nanotechnology has also been
stimulated, since the need for new materials (including for the pro-
tection of doctors) impacts their development. Nanotechnology is
especially urgent for the search for new principles for the develop-
ment of vaccines and drugs. Since modern biotechnology works with
nanoscales, the development of effective nanocarriers is extremely
important for overcoming the limitations of traditional antiviral
therapy (Chauhan et al., 2020). In the future, cognitive technologies
can also be widely used in medicine and other areas.

Thus, the above described phenomena have increased the interde-
pendence between medicine, biotechnology, information technology,
additive technologies (Choong et al., 2020), as well as nanotechnology
(Chauhan et al., 2020; Palestino et al., 2020; Tang et al., 2021; Weiss
et al., 2020).

This also emphasizes the predominance of a number of areas of
medicine, pharmaceuticals, biotechnology, medical devices, as a result
of which they will be at the top of scientific and innovation programs
(Abi Younes et al. 2020), which confirms our earlier conclusions about
medicine and related technologies as a breakthrough point for a new
technological wave (see above). We can argue that tackling the COVID-19
pandemic has acted as a powerful trigger accelerating the Cybernetic Revo-
lution (see also Fig. 3). This may result in the growing need for the devel-
opment of a number of areas of medicine, bio- and nanotechnology, artificial
intelligence and others, which we denote as MANBRIC convergence. In a
number of works, including the ones on the pages of this journal we forecasted
the wave, which we consider as the final phase of the Cybernetic Revolution.
In this article, we refine our forecast, arguing with greater confidence that due
to the COVID-19 pandemic, the final phase of the Cybernetic Revolution will
begin in the 2030s, that is, in the next 10 — 15 years.

Urgent solutions to health care problems are becoming a factor of
global political and economic scale, without which the development of
globalization will stall. Countries need to unite in the fight against the
pandemics (Fisher and Wilder-Smith 2020). The measures taken in this
direction actually bring closer the beginning of a new technological
wave.

In addition, it is important to note that the transition to anti-crisis
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management of society and monitoring of the implementation of anti-
epidemic regulations, including tracking of movements and contacts,
has caused a surge in demand for artificial intelligence technologies,
mainly for medical administrative purposes. This led to the introduction
of techno-social innovations into society’s life. We believe that these
measures can accelerate the development of e-state technologies,
change social relationships, as well as increase confrontation in society.

3. Discussion

As we have pointed above, the COVID-19 pandemic, by placing
medical technology, organization of health care and medical control in
society at the center of public attention, has stimulated change and ac-
celeration not only in technological innovation, but also in social,
administrative and even political relations. All this represents in many
respects a single complex of transformations that can be productively
studied in a system (see Fig. 4).

In this section we want to consider 1) the impact of the COVID-19 on
the acceleration of the final phase of the Cybernetic Revolution 2)
development of socio-technical self-regulating systems (SSS), the way
they can change social and administrative relations and support devel-
opment of the e-state; 3) some prospects and risks of these trans-
formations, accelerated by the COVID-19.

3.1. How can the coronavirus affect the speed and channeling of
advancement of the new technological wave?

Let us determine how the pandemic became the trigger. Why do we
consider the pandemic as a phenomenon that will inevitably demand
certain changes? The fact is that the COVID-19 pandemic has both
undermined the idea of public safety and revealed the vulnerability of
modern society to possible pandemics; also, it has not only posed
additional threats to people’s health and lives, especially to the elderly,
but it began to depress the economy more than other economic crises
and recessions (see Abi Younes et al. 2020; L. Grinin 2020; OECD 2020).
In fact, the fight against the pandemic has set back the economy and
social comforts, while at the same time pushed back, at least tempo-
rarily, globalization by suspending travel and tourism industry: flights,
trade, etc. Moreover, it has revealed the need for changes at the
world-system level. Suddenly it became clear that the pandemic
threatened the development of globalization on many fronts, while
breaking this deadlock requires additional development of various
technologies.

It is likely that the abovementioned problems will not be radically
solved in the coming years. In addition, the outbreak of another
pandemic caused by new pathogens is highly probable, and it is neces-
sary to be ready for it. In fact, there is a dilemma: come to terms with the
destructive impact of the pandemic, expecting herd immunity, or
develop various technological, social and socio-technical innovations
that will help to cope not only with the current pandemic, but also with
new ones. It is quite obvious that countries and the World System in
general will choose the second option. Accordingly, as we have seen
above (in the Analysis and Results section), such technological needs for
innovations are relevant for those directions which form the MANBRIC
complex (i.e., not only medical, but also bio-nano-robotic, Al, additive,
cognitive technologies) (Chauhan et al., 2020; Choong et al., 2020;
Kimmig et al., 2020; Palestino et al., 2020; Tang et al., 2021; Weiss et al.,
2020). Both the pandemic and the need to overcome its negative impact,
as well as the possibility of a new pandemic will powerfully stimulate a
technological breakthrough and bring closer the beginning of the final
phase of the Cybernetic Revolution. The competition between countries
over vaccine development has intensified, which in fact is a positive
development and will contribute to the development of medicine and
biotechnology in general. The urgency of safety issues and the emer-
gency situation have helped to remove some of the obstacles to the
development of science and technology, especially to the approval of
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Fig. 4. Impact of the pandemic on the acceleration of the cybernetic revolution and the transformation of e-government into e-state .

drugs and vaccines nationwide and around the world. The approval
system for new drugs and vaccines is changing dramatically due to the
COVID-19 crisis and it becomes significantly simplified and accelerated.
In addition, a movement have begun toward the reorganization of some
important areas of science (especially in pharmacology). In particular,
Abi Abi Younes et al. (2020) write that the pandemic has shown the need
for coordination and openness at all stages of the research and product
development process. We agree that scientific openness can accelerate
the development breakthrough in science and technology.

Previously, we assumed that one of the main factors that would allow
medicine, as an integrating part of the MANBRIC convergence, to take
center stage in both the technological wave and in solving social prob-
lems (including acute labor shortages, pension and social obligations
pressure and others, see above) will be the inevitable accumulation of
very large financial resources for the health and social welfare of pen-
sioners. All these remain and will have their effect. However, because of
the COVID-19 pandemic the problems of health care unexpectedly came
to the center of public attention much earlier and appeared more acute
(previously we had supposed that such a rise in the importance of
medicine would only become evident only in the late 2020s). The
pandemic has intensified the role of medicine as an integrating part of
MANBRIC convergence.

3.2. Impact of COVID-19 on the development of socio-technical self-
regulating systems and how this may affect social behavior and formation
of the e-state

In recent decades, the development of information technologies and
artificial intelligence has produced a noticeable impact on social re-
lations. This impact can be traced in many areas, in particular, in the
structure of employment, the withering of some professions and the
emergence of others. Opportunities for distance education, jobs and
services, including health care, are also rapidly expanding. In addition,
much has changed in the field of creation, distribution, transformation
and analysis of information and control over its flows. The development
of technologies for tracking human activity leads to the commerciali-
zation (and actually alienation, according to the terminology of Karl
Marx) of human behavior and privacy that were previously considered
inalienable (desires, inclinations, habits, etc.). It has long been noticed
that a new structure of power over people is emerging on the Internet.
This state of affairs has serious implications for democracy (Schwartz
1999). Today’s Al capabilities already entail systemic dangers to society

and human rights (see Schwab, Malleret 2020).

As mentioned in the introduction, there is a growing problem of
intrusion with the help of artificial intelligence technologies into peo-
ple’s personal lives, their privacy, and constant access to personal in-
formation (including intimate one). Moreover, personalization as an
important characteristic of the Cybernetic Revolution is rapidly devel-
oping (Ashman et al., 2014; Grinin L., Grinin A. 2016), which exacer-
bates the problem of privacy breaches.” Therefore, it is extremely
important to analyze the risks of this process. One should realize that
information privacy is a value that helps shape the society in which we
live and our individual identity (Schwartz, 1999). The urgent need to
monitor compliance with security measures during the pandemic exac-
erbated this problem and at the same time showed that further devel-
opment in this direction will lead to qualitative changes. The fact is that
new combined technological systems are being formed on the basis of Al
technologies that collect, store and analyze information about billions of
people, as well as networked ICTs. Such systems are aimed at adminis-
trative, legal, social and even political regulation and control over the
behavior of individuals, social groups and even society as a whole, up to
the regulation of the World System. SSSs will be used to regulate many
legal aspects, sometimes hierarchical relations in society, and may cause
the formation and widespread use of social ratings (similar to the Social
Credit System in China). In short, there is a tendency to delegate more
and more tasks (Plebe and Perconti 2020) from the authorities to
socio-technical systems. At present, such systems are actively imple-
mented, for example in face recognition, location tracking systems,
traffic control (e.g., Transparency Market Research 2020), imposition of
fines, electronic registration, issuance of documents and many others
that were previously the prerogative of the authorities.

Socio-technical self-regulating systems (SSSs) perform social and
administrative functions (that is, control, verification, distribution, se-
curity, rating and other functions) using a set of technologies in the
absence or little participation of officials and specialists. The develop-
ment of SSSs is progressing rapidly. In some cases, they begin to be used
in order to impose certain patterns of behavior on people. The most
noticeable in this regard is China, where officials have developed the
Social Credit System for individuals, businesses and government for

2 There are also some concerns that the regimentation of the e-state could
stifle the creative innovation that is needed for the MANBRIC convergence, as
innovators are rule-breakers and eccentrics.
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their control and assessment for reliability, in particular, for example,
for controlling non-urban residents (Kuznetsova and Mashkina 2020).
Many projects of the Social Credit System have been implemented only
as regional pilot programs, although there are plans to distribute them
countrywide (Chin and Wong 2016; Creemers 2018), and which also
serve as a model for other countries (Sithigh and Siems 2019). The year
2020 was in some ways a turning point in this regard. For example, the
use of facial recognition systems (including recognition of masked faces
(Sulochanan et al. 2021)) has increased by around 7% and may grow
another 12% by 2022 (Technavio 2020). Famous vpn company reported
the presence of location tracking systems already in 42 messenger apps
with at least 187 million downloads (Sean 2021) and it rapidly increases
during pandemic (Stanley and Granick 2020).

The pandemic and the emerging need to control anti-epidemic measures
have dramatically accelerated the development of such SSSs. In particular,
electronic pass systems, control of movements, system of punishment,
accounting systems, systems of businesses control and many other sys-
tems emerged as a result of the lockdowns and they can be considered as
prototypes of SSS (Lyon 2001; Ram and Gray 2020, 2020; Richards
2012; Wang et al., 2020). Various projects began to appear: electronic
passports (COVID immunity passports) (Hasan et al., 2020; WHO
2020b), QR codes which are supposed to record all vaccinations (Barnes
2021), etc. Thus, the coronavirus pandemic has shown that the intro-
duction of SSS can become a fast developing process which will unfold
within 10-20 years. At the same time, the idea of creating immunity
passports goes beyond the national level in cooperation with the largest
IT companies (Leswing 2021). In the future, one may expect that the
development of the socio-technical self-regulating systems will proceed
in different directions while continuing to develop in the field of med-
icine. For example, there may emerge systems for continuous moni-
toring of health and critical parameters of not only patients in hospitals
but also of people staying home (L. Grinin and A. Grinin 2016),
including chronically ailing and elderly people.

The need to monitor compliance with COVID-19 restrictions led to
the fact that such technologies began to be actively implemented by the
authorities. However, their introduction not only improved the control,
but has also brought up some problems, e.g. connected to the techno-
social ranking of people (this issue [but with reference to commercial
companies] has been discussed for a long time [see, for example, Lyon
2001]). Anyway, the positive aspects of SSSs are quite obvious, which is
why they are spreading. SSSs in many different ways can significantly
improve the social environment. Some evidence of this has emerged
already during the COVID-19 pandemic. For example, in China several
Al programs were used to treat mental health crises during the epidemic.
For example, people at risk of suicide can be recognized using special
artificial intelligence software by tracking and analyzing posts on Weibo
and alerting certain volunteers to act accordingly (Liu et al., 2020).

However, such a rapid and uncontrolled implementation also carries
serious risks. Obviously, there is a danger of increasing standardization
of people and losing their individuality. One of the main problems is that
over many decades people have become accustomed to freedom of
behavior and this kind of regulations can cause and already are causing
protests (Brennan 2020; Kowalewski 2020). As a result, SSSs can lead to
the emergence of a considerable behavioral stratification in society,
which will negatively affect its consolidation. This is especially true with
respect to the elderly due to the fact that they are particularly suscep-
tible to COVID-19 (Fraser et al., 2020). But let us point to a serious
contradiction here. On the one hand, it seems logical that tighter re-
strictions are required for the elderly, on the other, given the fact that
the older population is generally more conservative in their habits
(Grinin, Grinin, Korotayev, 2020), all kinds of SSS implementations that
reduce individualization, can be perceived by them especially painfully.
Accordingly, the level of frustration of this population will be noticeably
higher.

In general, it is not surprising that we observe a sharp increase in
public and government anxiety and negative reaction on a part of a large

Technological Forecasting & Social Change xxx (xxxx) Xxxx

sector of society (Brammer et al., 2020) and even massive protests
against the COVID-19 restrictions. At the same time, we notice the di-
vision of society into groups caused by medical measures (Brennan
2020; Carothers and Press 2020; Kowalewski 2020), and cases of
discrimination in relation to medical care, vaccines etc.

By some estimates, in 2020, there were more than 30 mass protests in
26 countries against the coronavirus restrictions. Such demonstrations
occurred not only in developed countries such as Australia, Germany
and the United States, but also in poorer countries such as Brazil, Mexico
and Nigeria and many other regions of the world. Moreover, opposition
to isolation occurs in states with very different political regimes — both
in full autocracies and in liberal democracies (Carothers and Press
2020). In January 2021 quite violent protests against a new wave of
restrictions took place in a number of countries, for example, in
Netherlands and Georgia.

And since very powerful forces and huge financial and political in-
terests will concentrate around innovations related to medical control
over population (and influence on them), these innovations can cause
serious conflicts and affect all societies.

Nevertheless, most people are likely to agree with this form of
regulation, although there is no doubt that such an attack on human
rights (Gerstenfeld 2020) can not only cause a wave of protests, but also
split society, cause strong behavioral stratification, social tensions and
turbulence. However, there may appear a large number of outsiders,
that is, a mass of people who fail to fit into the rather strict requirements
of the SSSs and electronic state. Besides, deviant behavior will increase,
such as rejection of such demands (e.g., Kowalewski 2020).

The processes of active implementation of SSSs and other informa-
tion and digital technologies, as described above combined with the
COVID-19 restrictions, have intensified the role of the state, which, to a
certain degree, is beginning to turn into an electronic/digital state (or e-
state).

What is e-state? Traditionally (according to the United Nations e-
government development database), e-government has been defined as
the use of ICTs to improve the efficiency of government institutions and
provide government services online (UNeGovDD 2013). However, the
concept of e-state is something more advanced in this respect than
e-government. We understand e-state as a state with a significantly
reduced number of state supervisory bodies, mainly based on SSS technology.
This can affect democratic procedures.

One of such major changes will be the transformation of public
administration towards the increasing use of electronic automated forms
of interaction and control. Speaking in the language of cybernetics, SSSs
will create a new communicative circuit in the management of society,
more precisely, it will change the contours of the relationship between
the center and the periphery of society. In particular, it can increase
opportunities for quick feedback from the public. The influence of the
SSSs will be perceptible and will significantly change or even revolu-
tionize the nature of governance. Major changes can be expected in the
structure of the administrative apparatus. Some administrative units (for
example, local governments, officials, special control bodies, etc.),
which are important for the interaction between the central government
and population, will disappear or will be transformed. As a result, the
facilitated interaction between a citizen and a state will affect many
officials and may deprive them of their jobs, that is, in many ways it will
be a revolutionary transformation. On the one hand, this will signifi-
cantly reduce the cost of the management process, thus the state will
need much less funds for its maintenance. This is, of course, a positive
process. But on the other hand, the power of the state will increase, and
management will become less flexible, since it will largely depend on
technology and the human factor of programmers. A historical analogy
suggests itself. In the first half of the 19th century, workers had to adapt
their physical, psychological and mental abilities to the needs of ma-
chine production. This led not only to the alienation of labor (according
to Marx), but also to a large extent to the alienation of the personality of
the worker (see Grinin L., Grinin A., 2015). Like the described process,
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the technological features of social control in the future can force people
to adapt to them, causing alienation and frustration. This will also be
strengthened by the fact that electronically organized authorities will
look like an impersonal, unusual and, therefore, alien government.

4. Conclusion

The COVID-19 pandemic has become a phenomenon that, for the
first time in a long period, has drawn public attention to health service
problems. This led to noticeable changes not only in technologies and
their diffusion, but in almost all areas of life. The emerging acute
problems and the need for their solution will affect the acceleration of
certain technological innovations and the introduction of new forms of
social regulations — socio-technical self-regulating systems (SSSs). Thus,
the COVID-19 pandemic has become a powerful trigger accelerating tech-
nological development in medicine and connected areas (what we call
MANBRIC - convergence: medicine — additive — bio-nano-info technologies —
robotics — cognitive technologies) and, at the same time, catalyzing the
convergence of these directions and changes in socio-political (and socio-
administrative) relations.

The measures against the coronavirus pandemic together with
applied new technologies and the SSSs will undoubtedly provide many
tools to tackle new pandemics with unknown pathogens. If such nega-
tive events occur, one may expect that they will also increase the role of
medicine as a technological and social factor, as well as channel the
process in terms of increasing attention to technological development
and, sooner or later, minimizing the associated risks. This has some
practical implications. Our analysis of COVID-19 pandemic as a trigger
for the acceleration of the Cybernetic Revolution confirms the ideas of
the integrating role of the medical technologies in the MANBRIC-
convergence and implies practical recommendations regarding the
most promising directions of the technological development in the
nearest future.

Since the above-mentioned points significantly increase the role of
medicine and related technologies and can accelerate its progress on the
way to becoming an integral part of technological development, within
the framework of this study we can argue that the COVID-19 pandemic has
become the trigger for the acceleration of the start of the final phase of the
Cybernetic Revolution. However, the technological revolution is always
associated with radical sociopolitical changes. In the present article, we
discuss two major changes of this kind: the spread and development of
the SSSs and the movement towards the e-state. Let us recall that SSS is a
certain type of self-regulating systems, whose proliferation is the most
important characteristic of the Cybernetic Revolution (Grinin, L., Grinin,
A., 2015; 2016, Korotayev 2017a; 2017b; 2020; Grinin et al., 2016).
However, they do not regulate industrial relations and are not used in
private life; rather they govern social, administrative or even political
relations, and can be used by the authorities of different levels and the
state as a whole (as well as by the administration of service centers in
which the authorities consider such regulation necessary: airports,
crowded places, etc.). That is why the development of SSS in one way or
another pushes society towards the formation of e-state, that is, a state
with a greatly reduced number of administrative bodies, mainly relying
on technologies in the form of SSS and Al

Thus, since the measures against the pandemic has accelerated the
development of SSSs and increased the demand for such technology, it
has been shown that the COVID-19 pandemic is able to accelerate
important innovations, not only related to medicine, biotechnology and
some other technologies, but also connected with the development of
social relations technologies and e-state.

Let us further explain why this may and should happen in the set of
directions we have described and presented in Fig. 4. First, the fight
against the pandemic and the necessity for testing and vaccinations
concentrate enormous financial and other resources, comparable to
what we observe in the area of caring for the elderly. And where large
financial expenditure and interests are usually concentrated, there is a
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center of political and economic life. Secondly, the pandemic demanded
immediate solutions that became urgent priorities of the states (for
example, medicine supply or an increase in bed capacity in hospitals)
and increased funding for the medical sphere. Thirdly, this means
involving the whole society, not just part of it.”> And this was almost
immediately accepted by politicians and placed on the agenda of their
programs, which one way or another began to be implemented.

Consequently, societies and the World System received a strong
impulse to move in the direction we have defined. However, such an
accelerated progress of the technological wave and transformation of
society can be quite painful, and inevitably causes and will cause strong
social and political tensions, protests and conflicts, while trust in gov-
ernments may decline (Strandberg 2020; Vieten 2020). We witnessed
this in 2020-2021 (Brennan 2020; Kowalewski 2020), whilst protests
often take the form of violent clashes (Bloomberg 2021), occasionally
intensifying (Carothers and Press 2020; ACLED 2020). We observe a
return to the pre-pandemic logic of protest that underscores the depth of
the crisis of power exposed by the COVID-19, during which inequality
increased (Gerbaudo 2020). Therefore, it is important to study these
kinds of social and political risks, which in some cases can lead a society
to a deep crisis. Due to the negative impact of SSSs on violation of cit-
izens’ rights, at first, their expansion may cause additional growth of
frustration, alienation and conflicts in society. We believe that due to the
mutual adjustment of the SSSs and the mentality of society, the former
will gradually improve, more and more adapting to the positions of
different strata of society, until they reach the optimum. However, the
process of adjustment of new socio-political institutions and technolo-
gies, as well as of the e-state, on the one hand, and the interests of
various social strata, constitutional rights and freedoms, mentality, on
the other, will be quite difficult (for the arguments in favor of increasing
unrest, see Reicher and Stott 2020). It is necessary to develop completely
new laws that would optimize socio-technological interventions in
people’s lives, especially intrusion in their privacy. It takes a hard way
through trial and error to move forward on the path to harmonizing
technological process and social life.

Acknowledgement

This research has been supported by the Russian Science Foundation
(project No. 20-61-46004).

References

Abi Younes, G., Ayoubi, C., Ballester, O., Cristelli, G., de Rassenfosse, G., Foray, D, et al.,
2020. COVID-19: insights from innovation economists. Sci. Public Policy,. https://doi.
org/10.1093/scipol/scaa028 (paaa036).

ACLED [ Armed Conflict Location & Event Data Project], 2020. COVID-19 and Political
Unrest in Northeast India. ACLED, Washington, DC. URL. https://www.jstor.org/st
able/resrep26621?seq=1#metadata_info_tab_contents.

Alharbi, F.S. (2020). Dealing with data breaches amidst changes in technology. 7.

Anderson, J., Bergamini, E., Brekelmans, S., Cameron, A., Darvas, Z., Jiménez, M.D., &
Midoes, C. (2020). The fiscal response to the economic fallout from the coronavirus.
Bruegel datasets.

Ashman, H., Brailsford, T., Cristea, A.L, Sheng, Q.Z., Stewart, C., Toms, E.G., Wade, V.,
2014. The ethical and social implications of personalization technologies for e-
learning. Inf. Manag. 51 (6), 819-832. https://doi.org/10.1016/j.im.2014.04.003.

Aslam, F., Aziz, S., Nguyen, D.K., Mughal, K.S., Khan, M., 2020. On the efficiency of
foreign exchange markets in times of the covid-19 pandemic. Technol. Forecast. Soc.
Change 161, 120261. https://doi.org/10.1016/j.techfore.2020.120261.

Atkeson, A., 2020. What will be the economic impact of COVID-19 in the US? Rough
Estimates of Disease Scenarios. National Bureau of Economic Research, Cambridge,
MA, p. w26867. https://doi.org/10.3386/w26867.

Baker, S.R., Bloom, N., Davis, S.J., Terry, S.J., 2020. Covid-induced economic
uncertainty. Natl. Bureau Econ. Res. https://www.nber.org/papers/w26983.

Barnes, R. (2021). Microsoft, oracle and other tech giants team up on Covid-19 vaccine
“passports” - Tech Compsmag. News - Tech News, Latest News, Business News and
world News. https://www.compsmag.com/news/technology/microsoft-oracle-a

3 It is worth to mention that COVID-19 pandemic in some regards is quite
comparable to the post-WWI Spanish flue pandemic.


https://doi.org/10.1093/scipol/scaa028
https://doi.org/10.1093/scipol/scaa028
https://www.jstor.org/stable/resrep26621?seq=1#metadata_info_tab_contents
https://www.jstor.org/stable/resrep26621?seq=1#metadata_info_tab_contents
https://doi.org/10.1016/j.im.2014.04.003
https://doi.org/10.1016/j.techfore.2020.120261
https://doi.org/10.3386/w26867
https://www.nber.org/papers/w26983
https://www.compsmag.com/news/technology/microsoft-oracle-and-other-tech-giants-team-up-on-covid-19-vaccine-passports/

L. Grinin et al.

nd-other-tech-giants-team-up-on-covid-19-vaccine-passports/. Accessed 3 February
2021.

Basu, S., Phillips, R.S., Phillips, R., Peterson, L.E., Landon, B.E., 2020. Primary care
practice finances in the United States amid the COVID-19 pandemic: study estimates
the potential impact of COVID-19 on operating expenses and revenues of primary
care practices. Health Aff. 39, 1605-1614. https://doi.org/10.1377/
hlthaff.2020.00794, 9.

Belhadi, A., Kamble, S., Jabbour, C.J.C., Gunasekaran, A., Ndubisi, N.O., Venkatesh, M.,
2020. Manufacturing and service supply chain resilience to the COVID-19 outbreak:
lessons learned from the automobile and airline industries. Technol. Forecast. Soc.
Change 163, 2-19. https://doi.org/10.1016/j.techfore.2020.120447.

Brammer, S., Branicki, L., Linnenluecke, M., 2020. COVID-19, societalization and the
future of business in society. Sci. Total Environ. 34 (4), 2-7. https://doi.org/
10.5465/amp.2019.0053.

Brem, A., Viardot, E., Nylund, P.A., 2020. Implications of the coronavirus (COVID-19)
outbreak for innovation: which technologies will improve our lives? Technol.
Forecast. Soc. Change 163, 2-6. https://doi.org/10.1016/j.techfore.2020.120451.

Brennan, E., 2020. Coronavirus and Protest: How Covid-19 Has Changed the Face of
American activism. United States Studies Centre. https://www.ussc.edu.au/anal
ysis/coronavirus-protest-how-covid-19-has-changed-the-face-of-american-activism.

Carothers, T., Press, B., 2020. The global rise of anti-lockdown protests—and what to do
about it. World Politics Rev. Available at https://www.worldpoliticsreview.com/arti
cles/29137/amid-the-covid-19-pandemic-protest-movements-challenge-lockdowns-
worldwide Accessed November 6, 2020.

Cecere, G., Le Guel, F., Soulié, N., 2015. Perceived Internet privacy concerns on social
networks in Europe. Technol. Forecast. Soc. Change 96, 277-287. https://doi.org/
10.1016/j.techfore.2015.01.021.

Chakraborty, I., Maity, P., 2020. COVID-19 outbreak: migration, effects on society,
global environment and prevention. Sci. Total Environ. (728), 2-7. https://doi.org/
10.1016/j.scitotenv.2020.138882.

Chauhan, G., Madou, M.J., Kalra, S., Chopra, V., Ghosh, D., Martinez-Chapa, S.O., 2020.
Nanotechnology for covid-19: therapeutics and vaccine research. ACS Nano 14 (7),
7760-7782. https://doi.org/10.1021/acsnano.0c04006.

Chin, J., Wong, G., 2016. China’s new tool for social control: a credit rating for
everything. Wall Street J. 28. https://www.wsj.com/articles/chinas-new-tool-for-
social-control-a-credit-rating-for-everything-1480351590.

Choong, Y.Y.C., Tan, H.W., Patel, D.C., Choong, W.T.N., Chen, C.-.H., Low, H.Y., et al,,
2020. The global rise of 3D printing during the covid-19 pandemic. Nat. Rev. Mater.
5 (9), 637-639. https://doi.org/10.1038/541578-020-00234-3.

Chung, Y.H., Beiss, V., Fiering, S.N., Steinmetz, N.F., 2020. Covid-19 vaccine
frontrunners and their nanotechnology design. ACS Nano 14 (10), 12522-12537.
https://doi.org/10.1021/acsnano.0c07197.

Corey, L., Mascola, J.R., Fauci, A.S., Collins, F.S., 2020. A strategic approach to COVID-
19 vaccine R&D. Science 368 (6494), 948-950. https://doi.org/10.1126/science.
abc5312.

Creemers, R., 2018. China’s Social Credit System: An Evolving Practice of Control (SSRN
Scholarly Paper No. ID 3175792). Social Science Research Network, Rochester, NY.
https://doi.org/10.2139/ssrn.3175792.

Dhawan, S., 2020. Online learning: a panacea in the time of covid-19 crisis. J. Educ.
Technol. Syst. 49 (1), 5-22. https://doi.org/10.1177/0047239520934018.

Estrada, R., Arturo, M., 2020. The Uses of Drones in Case of Massive Epidemics Contagious
Di Relief Hi itarian Aid: Wuhan-COVID-19 Crisis (SSRN Scholarly Paper No.
ID 3546547). Social Science Research Network, Rochester, NY. https://doi.org/
10.2139/ssrn.3546547.

Fisher, D., Wilder-Smith, A., 2020. The global community needs to swiftly ramp up the
response to contain COVID-19. Lancet 395 (10230), 1109-1110. https://doi.org/
10.1016/50140-6736(20)30679-6.

Forster, P.M., Forster, H.I., Evans, M.J., Gidden, M.J., Jones, C.D., Keller, C.A., et al.,
2020. Current and future global climate impacts resulting from COVID-19. Nat. Clim.
Chang. 10 (10), 913-919. https://doi.org/10.1038/541558-020-0883-0.

Fraser, S., Lagacé, M., Bongué, B., Ndeye, N., Guyot, J., Bechard, L., et al., 2020. Ageism
and COVID-19: what does our society’s response say about us? Age Ageing 49 (5),
692-695. https://doi.org/10.1093/ageing/afaa097.

Gerbaudo, P., 2020. The pandemic crowd. J. Int. Aff. 73 (2), 61-76.

Gerstenfeld, M. (2020). How coronavirus emergency measures threaten civil rights (pp.
68-71). Begin-Sadat Center for Strategic Studies. https://www.jstor.org/stable/res
rep26356.18. Accessed 20 January 2021.

Glyptis, L., Christofi, M., Vrontis, D., Giudice, M.D., Dimitriou, S., Michael, P., 2020. E-
Government implementation challenges in small countries: the project manager’s
perspective. Technol. Forecast. Soc. Change 152, 2-11. https://doi.org/10.1016/j.
techfore.2019.119880.

Goldstone, J., 2015. Population ageing and global economic growth. In: Goldstone, J.,
Grinin, L., Korotayev, A. (Eds.), History & Mathematics: Demography & Ageing.
Uchitel, Volgograd, pp. 147-155.

Goldstone, J., Grinin, L., Korotayev, A., 2015. Research into global ageing and its
consequences. In: Goldstone, J., Grinin, L., Korotayev, A. (Eds.), History &
Mathematics: Political Demography & Global Ageing. Uchitel, Volgograd, pp. 5-9.

Gregg, B., 2018. The coming political: challenges of artificial intelligence. Digital Culture
Soc. 4 (1), 157-180. https://doi.org/10.25969/mediarep/13530.

Grinin, A., Grinin, L., 2015. The cybernetic revolution and historical process. Soc. Evol.
History 14 (1), 125-184.

Grinin, L., 2020. How can covid-19 change geopolitics and economy? J.Glob. Stud. 11
(2), 119-132.

Grinin, L., Grinin, A., 2016. Ot Rubil Do Nanorobotov, Mir Na Puti k Epokhe
Samoupravlyaemyh Sistem (Istoriya Tekhnologij i Opisanie Th Budushchego).
(Moscow Branch of the Uchitel Publishing House, Moscow.

Technological Forecasting & Social Change xxx (xxxx) Xxxx

Grinin, L., Grinin, A., Korotayev, A., 2017a. Forthcoming Kondratieff wave, Cybernetic
Revolution, and global ageing. Technol. Forecast. Soc. Change 115, 52-68. https://
doi.org/10.1016/j.techfore.2016.09.017.

Grinin, L., Grinin, A., Korotayev, A., 2017b. The MANBRIC-technologies in the
forthcoming technological revolution. Industry 4.0: Entrepreneurship and Structural
Change in the New Digital Landscape. Springer, Cham, pp. 243-261. https://doi.
org/10.1007/978-3-319-49604-7_13.

Grinin, L., Grinin, A., Korotayev, A., 2020. A quantitative analysis of worldwide long-
term technology growth : from 40,000 BCE to the early 22nd century. Technol.
Forecast. Soc. Change 155, 119955. https://doi.org/10.1016/j.
techfore.2020.119955.

Grinin, L., Korotayev, A., 2015. Great Divergence and Great Convergence A Global
Perspective. Springer, Cham.

Grinin, L., Korotayev, A., 2020. COVID-19 Pandemic, Geopolitics, and Recession.
International Center for Education and Social and Humanitarian Studies, Moscow.
https://doi.org/10.13140/RG.2.2.13998.54089.

Grinin, L., Korotayev, A., Tausch, A., 2016. Economic Cycles, Crises, and the Global
Periphery. Springer, Cham. https://doi.org/10.1007/978-3-319-41262-7.

Hasan, H.R., Salah, K., Jayaraman, R., Arshad, J., Yaqoob, I., Omar, M., Ellahham, S.,
2020. Blockchain-based solution for covid-19 digital medical passports and
immunity certificates. IEEE Access 8, 222093-222108. https://doi.org/10.1109/
ACCESS.2020.3043350. Presented at the IEEE Access.

Hengstler, M., Enkel, E., Duelli, S., 2016. Applied artificial intelligence and trust—the
case of autonomous vehicles and medical assistance devices. Technol. Forecast. Soc.
Change 105, 105-120. https://doi.org/10.1016/j.techfore.2015.12.014.

Hofbauer, H., Komlosy, A., 2020, May 20. Corona-krise: anschub fiir eine kybernetische
wende. Telepolis. https://www.heise.de/tp/features/Corona-Krise-Anschub-fuer-e
ine-kybernetische-Wende-4723168.html.

Irshad, S.M., 2020. Covid-19 and global ‘at-risk community’: from benefit-sharing to risk-
sharing of economic crisis. J. Glob. Stud. 11 (2), 132-142.

Jasinski, A.M., Bakowska, A.M., 2020. Globalization and life satisfaction of the polish
population. Before and during the covid-19 pandemic. J. Glob. Stud. 11 (2),
146-155.

Jat, D.S., Singh, C., 2020. Artificial intelligence-enabled robotic drones for covid-19
outbreak. In: Joshi, A., Dey, N., Santosh, K.C. (Eds.), Intelligent Systems and
Methods to Combat Covid-19. Springer, Singapore, pp. 37-46. https://doi.org/
10.1007/978-981-15-6572-4_5.

Jeyanathan, M., Afkhami, S., Smaill, F., Miller, M.S., Lichty, B.D., Xing, Z., 2020.
Immunological considerations for COVID-19 vaccine strategies. Nature Rev.
Immunol. 20 (10), 615-632. https://doi.org/10.1038/541577-020-00434-6.

Jung, J.H., Lim, D.-.G., 2020. Industrial robots, employment growth, and labor cost: a
simultaneous equation analysis. Technol. Forecast. Soc. Change 159, 120202.
https://doi.org/10.1016/j.techfore.2020.120202.

Kaneda, T., Greenbaum, C., & Patierno, K. (2016). 2018 World Population Data Sheet.
Population Reference Bureau. https://www.prb.org/2016-world-population-data-sh
eet/.

Kimmig, R., Verheijen, R.H.M., Rudnicki, M., 2020. Robot assisted surgery during the
COVID-19 pandemic, especially for gynecological cancer: a statement of the society
of European robotic gynaecological surgery (SERGS). J. Gynecol. Oncol. (3), 31.
https://doi.org/10.3802/jg0.2020.31.e59.

Kowalewski, M., 2020. Street protests in times of COVID-19: adjusting tactics and
marching ‘as usual. Soc. Mov. Stud. 1-8. https://doi.org/10.1080/
14742837.2020.1843014.

Kumari, P., Seeja, K.R., 2021. A novel periocular biometrics solution for authentication
during covid-19 pandemic situation. J. Ambient Intell. Humaniz. Comput. https://
doi.org/10.1007/512652-020-02814-1.

Kuznetsova, V., & Mashkina, O. (2020). Trudovaya migratsiya i problemy obucheniya
detey rabochikh-migrantov v Kitaye. Istoriya i sovremennost’, 2(36), 46-69.

Leswing, K., 2021, January 27. Companies are racing to build digital passports for people
to prove they’ve had the covid vaccine. CNBC. https://www.cnbe.com/2021/01/
24/vaccine-passes-could-get-us-back-in-bars-.-html. Accessed 4 February 2021.

Liu, S., Yang, L., Zhang, C., Xiang, Y.-.T., Liu, Z., Hu, S., & Zhang, B. (2020). Online
mental health services in China during the COVID-19 outbreak. Lancet Psychiatry, 7
(4), el7-e18. https://doi.org/10.1016/52215-0366(20)30077-8.

Lutz, W., Goujon, A., Kc, S., Stonawski, M., Stilianakis, N., 2018. Demographic and
human capital scenarios for the 21st century. 2018 Assessment For 201 Countries.
Publications Office of the European Union.

Lyon, D., 2001. Surveillance Society: Monitoring Everyday Life. McGraw-Hill Education.

Mitchell, R.S., Michalski, J.G., Carbonell, T.M., 2013. An Artificial Intelligence
Approach. Springer.

Moustaka, V., Theodosiou, Z., Vakali, A., Kounoudes, A., Anthopoulos, L.G., 2019.
Enhancing social networking in smart cities: privacy and security borderlines.
Technol. Forecast. Soc. Change 142, 285-300. https://doi.org/10.1016/j.
techfore.2018.10.026.

Musyuni, P., Aggarwal, G., Nagpal, M., Goyal, R.K., 2020. A case study: analysis of
patents on coronaviruses and covid-19 for technological assessment and future
research. Curr. Pharm. Des. https://doi.org/10.2174/
1381612826666200720233947.

OECD, 2020. COVID-19 and Fiscal Relations Across Levels of Government. OECD, p. 45
https://read.oecd-ilibrary.org/view/?ref=129_129940-barx72lagmé&title=COVID-
19-and-Fiscal-Relations-across-Levels-of-GovernmentAccessed 12 January 2021.

Palestino, G., Garcia-Silva, I., Gonzalez-Ortega, O., Rosales-Mendoza, S., 2020. Can
nanotechnology help in the fight against COVID-19? Expert Rev. Anti Infect. Ther.
18 (9), 849-864. https://doi.org/10.1080/14787210.2020.1776115.

Pérez-Morote, R., Pontones-Rosa, C., Ntnez-Chicharro, M., 2020. The effects of e-
government evaluation, trust and the digital divide in the levels of e-government use


https://www.compsmag.com/news/technology/microsoft-oracle-and-other-tech-giants-team-up-on-covid-19-vaccine-passports/
https://doi.org/10.1377/hlthaff.2020.00794
https://doi.org/10.1377/hlthaff.2020.00794
https://doi.org/10.1016/j.techfore.2020.120447
https://doi.org/10.5465/amp.2019.0053
https://doi.org/10.5465/amp.2019.0053
https://doi.org/10.1016/j.techfore.2020.120451
https://www.ussc.edu.au/analysis/coronavirus-protest-how-covid-19-has-changed-the-face-of-american-activism
https://www.ussc.edu.au/analysis/coronavirus-protest-how-covid-19-has-changed-the-face-of-american-activism
https://www.worldpoliticsreview.com/articles/29137/amid-the-covid-19-pandemic-protest-movements-challenge-lockdowns-worldwide
https://www.worldpoliticsreview.com/articles/29137/amid-the-covid-19-pandemic-protest-movements-challenge-lockdowns-worldwide
https://www.worldpoliticsreview.com/articles/29137/amid-the-covid-19-pandemic-protest-movements-challenge-lockdowns-worldwide
https://doi.org/10.1016/j.techfore.2015.01.021
https://doi.org/10.1016/j.techfore.2015.01.021
https://doi.org/10.1016/j.scitotenv.2020.138882
https://doi.org/10.1016/j.scitotenv.2020.138882
https://doi.org/10.1021/acsnano.0c04006
https://www.wsj.com/articles/chinas-new-tool-for-social-control-a-credit-rating-for-everything-1480351590
https://www.wsj.com/articles/chinas-new-tool-for-social-control-a-credit-rating-for-everything-1480351590
https://doi.org/10.1038/s41578-020-00234-3
https://doi.org/10.1021/acsnano.0c07197
https://doi.org/10.1126/science.abc5312
https://doi.org/10.1126/science.abc5312
https://doi.org/10.2139/ssrn.3175792
https://doi.org/10.1177/0047239520934018
https://doi.org/10.2139/ssrn.3546547
https://doi.org/10.2139/ssrn.3546547
https://doi.org/10.1016/S0140-6736(20)30679-6
https://doi.org/10.1016/S0140-6736(20)30679-6
https://doi.org/10.1038/s41558-020-0883-0
https://doi.org/10.1093/ageing/afaa097
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0030
https://www.jstor.org/stable/resrep26356.18
https://www.jstor.org/stable/resrep26356.18
https://doi.org/10.1016/j.techfore.2019.119880
https://doi.org/10.1016/j.techfore.2019.119880
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0033
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0033
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0033
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0034
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0034
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0034
https://doi.org/10.25969/mediarep/13530
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0036
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0036
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0037
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0037
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0038
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0038
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0038
https://doi.org/10.1016/j.techfore.2016.09.017
https://doi.org/10.1016/j.techfore.2016.09.017
https://doi.org/10.1007/978-3-319-49604-7_13
https://doi.org/10.1007/978-3-319-49604-7_13
https://doi.org/10.1016/j.techfore.2020.119955
https://doi.org/10.1016/j.techfore.2020.119955
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0042
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0042
https://doi.org/10.13140/RG.2.2.13998.54089
https://doi.org/10.1007/978-3-319-41262-7
https://doi.org/10.1109/ACCESS.2020.3043350
https://doi.org/10.1109/ACCESS.2020.3043350
https://doi.org/10.1016/j.techfore.2015.12.014
https://www.heise.de/tp/features/Corona-Krise-Anschub-fuer-eine-kybernetische-Wende-4723168.html
https://www.heise.de/tp/features/Corona-Krise-Anschub-fuer-eine-kybernetische-Wende-4723168.html
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0048
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0048
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0049
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0049
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0049
https://doi.org/10.1007/978-981-15-6572-4_5
https://doi.org/10.1007/978-981-15-6572-4_5
https://doi.org/10.1038/s41577-020-00434-6
https://doi.org/10.1016/j.techfore.2020.120202
https://www.prb.org/2016-world-population-data-sheet/
https://www.prb.org/2016-world-population-data-sheet/
https://doi.org/10.3802/jgo.2020.31.e59
https://doi.org/10.1080/14742837.2020.1843014
https://doi.org/10.1080/14742837.2020.1843014
https://doi.org/10.1007/s12652-020-02814-1
https://doi.org/10.1007/s12652-020-02814-1
https://www.cnbc.com/2021/01/24/vaccine-passes-could-get-us-back-in-bars-.html
https://www.cnbc.com/2021/01/24/vaccine-passes-could-get-us-back-in-bars-.html
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0061
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0061
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0061
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0062
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0063
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0063
https://doi.org/10.1016/j.techfore.2018.10.026
https://doi.org/10.1016/j.techfore.2018.10.026
https://doi.org/10.2174/1381612826666200720233947
https://doi.org/10.2174/1381612826666200720233947
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0066
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0066
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0066
https://doi.org/10.1080/14787210.2020.1776115

L. Grinin et al.

in European countries. Technol. Forecast. Soc. Change 154, 119973. https://doi.org/
10.1016/j.techfore.2020.119973.

Phillips, F., 2007. On s-curves and tipping points. Technol. Forecast. Soc. Change 74 (6),
715-730.

Phillips, F., 2011. The state of technological and social change: impressions. Technol.
Forecast. Soc. Change 78 (6), 1072-1078. https://doi.org/10.1016/j.
techfore.2011.03.020.

Plebe, A., Perconti, P., 2020. Plurality: the End of Singularity? In: Korotayev, A.V.,
LePoire, D.J. (Eds.), The 21st Century Singularity and Global Futures. Springer
International Publishing, Cham, pp. 163-184. https://doi.org/10.1007/978-3-030-
33730-8.8.

Ram, N., Gray, D., 2020. Mass surveillance in the age of COVID-19. J. Law Biosci. 7
(Isaa023) https://doi.org/10.1093/jlb/Isaa023.

Rapanta, C., Botturi, L., Goodyear, P., Guardia, L., Koole, M., 2020. Online university
teaching during and after the covid-19 crisis: refocusing teacher presence and
learning activity. Postdigit. Sci. Educ. 2 (3), 923-945. https://doi.org/10.1007/
542438-020-00155-y.

Reicher, S., Stott, C., 2020. On order and disorder during the COVID-19 pandemic. Br. J.
Soc. Psychol. 59 (3), 694-702. https://doi.org/10.1111/bjs0.12398.

ResearchAmerica, 2017. U.S. Investments in Medical and Health Research and
Development. Research America, Arlington, Virginia, p. 16. https://www.research
america.org/sites/default/files/Publications/InvestmentReport2019_Fnl.pdf.

Richards, N.M., 2012. The dangers of surveillance. Harv. Law Rev. 126, 1934-1963.

Russell, S.J., Norvig, P., Canny, J.F., Malik, J.M., Edwards, D.D., 2003. Artificial
Intelligence: A Modern Approach, 2. Prentice hall, Upper Saddle River.

Schwab, K., Malleret, T., 2020. Covid-19: The Great Reset. WEF, Geneva. Edition.

Schwartz, P.M., 1999. Internet privacy and the state. Conn. Law Rev. 32, 815.

Sean. (2021). We analyzed 450 apps and found location trackers in every one |
expressVPN. Home of internet privacy. https://www.expressvpn.com/blog/digital-
security-lab-location-trackers-smartphone-apps-research/. Accessed 3 February
2021.

Shah, S., Diwan, S., Kohan, L., Rosenblum, D., Gharibo, C., Soin, A., et al., 2020. The
technological impact of COVID-19 on the future of education and health care
delivery. Pain Physician (23), 14.

Silcock, R., 2001. What is E-government. Parliam. Aff. 54 (1), 88-101. https://doi.org/
10.1093/pa/54.1.88.

Sithigh, D.M., Siems, M., 2019. The Chinese social credit system: a model for other
countries? Mod. Law Rev. 82 (6), 1034-1071. https://doi.org/10.1111/1468-
2230.12462.

Skorup, B., Haaland, C., 2020. How drones can help fight the coronavirus. SSRN Electron
J. https://doi.org/10.2139/ssrn.3564671.

Solove, D.J., 2008. Understanding Privacy. Harvard University Press, Cambridge, Mass.

Stanley, J., & Granick, J.S. (2020). The limits of location tracking in an epidemic, 9.

Statistics Sweden, 2020. Government budget allocations for R&D (GBARD) 2020.
Statistiska Centralbyrén. http://www.scb.se/en/finding-statistics/statistics-by-sub
ject-area/education-and-research/research/government-budget-allocations-for-rd/p
ong/statistical-news/government-budget-allocations-for-rd-gbard-2020/. Accessed
13 January 2021.

Strandberg, T., 2020, May 6. Coronavirus: US and UK governments losing public trust.
Conversation. http://theconversation.com/coronavirus-us-and-uk-governments-los
ing-public-trust-137713. Accessed 4 February 2021.

Sulochanan Karthick Ramanathan, S., Fathima Kamal Basha, R., Banu, A., 2021. A novel
face recognition technology to enhance health and safety measures in hospitals using
SBC in pandemic prone areas. In: Materials Today: Proceedings. https://doi.org/
10.1016/j.matpr.2020.11.336.

Tang, Z., Zhang, X., Shu, Y., Guo, M., Zhang, H., Tao, W., 2021. Insights from
nanotechnology in COVID-19 treatment. Nano Today 36, 101019. https://doi.org/
10.1016/j.nantod.2020.101019.

Technavio. (2020). Global 3D facial recognition systems market 2018-2022. https
://www.technavio.com/report/global-3d-facial-recognition-systems-market-an
alysis-share-2018. Accessed 3 February 2021.

Transparency Market Research. (2020). Impact of COVID-19 on adaptive traffic control
system market growth, segments, size, industry analysis and opportunities 2030. htt
ps://ksusentinel.com/2021/01/11/impact-of-covid-19-on-adaptive-traffic-control-
system-market-growth-segments-size-industry-analysis-and-opportunities-2030/.
Accessed 3 February 2021.

UN Population Division, 2019. World Population Prospects 2019: Volume I:
Comprehensive Tables. UN Population Division, New York: United Nations.

UNeGovDD. (2013). E-Government. The United Nations E-Government Development
Database. https://publicadministration.un.org/egovkb/en-us/About/UNeGovDD-
Framework. Accessed 4 February 2021.

Vieten, U.M., 2020. The “new normal” and “pandemic populism™: the COVID-19 crisis
and anti-hygienic mobilisation of the far-right. Soc. Sci. 9 (9), 165. https://doi.org/
10.3390/50c5¢i9090165.

Vollset, S.E., Goren, E., Yuan, C.-.W., Cao, J., Smith, A.E., Hsiao, T., Murray, C.J.L., et al.,
2020. Fertility, mortality, migration, and population scenarios for 195 countries and

10

Technological Forecasting & Social Change xxx (xxxx) Xxxx

territories from 2017 to 2100: a forecasting analysis for the Global Burden of Disease
Study. The Lancet. https://doi.org/10.1016/50140-6736(20)30677-2.

Wang, S., Ding, S., Xiong, L., 2020. A new system for surveillance and digital contact
tracing for COVID-19: spatiotemporal reporting over network and GPS. JMIR
Mhealth Uhealth 8 (6), €19457.

Weiss, C., Carriere, M., Fusco, L., Capua, 1., Regla-Nava, J.A., Pasquali, M., et al., 2020.
Toward nanotechnology-enabled approaches against the COVID-19 pandemic. ACS
Nano 14 (6), 6383-6406. https://doi.org/10.1021/acsnano.0c03697.

Westin, A.F., 1966. Science, privacy, and freedom: issues and proposals for the 1970’s.
Part I-the current impact of surveillance on privacy. Columbia Law Rev. 66 (6),
1003-1050.

WHO, 2020a. A Coordinated Global Research Roadmap. WHO, p. 68. https://www.who.
int/publications/m/item/a-coordinated-global-research-roadmap. Accessed 2
February 2021.

WHO. (2020b). Immunity passports" in the context of COVID-19. https://www.who.int
/news-room/commentaries/detail/immunity-passports-in-the-context-of-covid-19.
Accessed 3 February 2021.

Wittgenstein Centre. (2020). Wittgenstein centre human capital data explorer. http://dat
aexplorer.wittgensteincentre.org/wede-v2/. Accessed 2 February 2021.

Yoo, S., Managi, S., 2020. Global mortality benefits of COVID-19 action. Technol.
Forecast. Soc. Change 160, 120231. https://doi.org/10.1016/j.
techfore.2020.120231.

Zimmer, C., Corum, J., & Wee, S.-.L. (2020, June 10). Coronavirus vaccine tracker. The
New York Times. https://www.nytimes.com/interactive/2020/science/coronavirus
-vaccine-tracker.html. Accessed 2 February 2021.

Leonid GRININ, PhD in Philosophy, is a Senior Research Professor at the Laboratory for
Monitoring of the Sociopolitical Destabilization Risks at the National Research University
Higher School of Economics, Moscow, Russia, as well as the Deputy Director of the
Eurasian Center for Big History & System Forecasting and Senior Research Professor at the
Institute for Oriental Studies of the Russian Academy of Sciences in Moscow. He is the
Editor-in-Chief of the journal Age of Globalization (in Russian), as well as a co-editor of the
international journals Social Evolution & History and Journal of Globalization Studies. His-
current research interests include sociopolitical destabilization, macrohistory and long-
term trends, sociocultural evolution, theory of history, world-systems studies, long-term
development of political systems, globalization studies, economic cycles, and Big His-
tory studies. Dr Grinin is the author of more than 380 scholarly publications in Russian and
English, including 26 monographs. These monographs include Philosophy, Sociology, and
the Theory of History (2007, in Russian); Productive Forces and Historical Process (2006, in
Russian); State and Historical Process (3 vols, 2009-2010, in Russian); Social Macroevolu-
tion: World System Transformations (2009, in Russian); Macroevolution in Biological and
Social Systems (2008, in Russian); Global Crisis in Retrospective: A Brief History of Upswings
and Crises (2010, in Russian); Macrohistory and Globalization (2012); Cycles, Crises, and
Traps of the Modern World-System: Kondratiev’s, Juglar’s and Secular Cycles, Global Crises,
and the Malthusian and Post-Malthusian Traps (2012, in Russian); Great Divergence and Great
Convergence. A Global Perspective (Springer, 2015), Economic Cycles, Crises, and the Global
Periphery (Springer, 2016).

Anton GRININ, PhD in Biological Sciences, is a Research Fellow at the Faculty of Global
Studies, Moscow State University; Senior Research Fellow of the International Center for
Education and Social and Humanitarian Studies, Moscow as well as Leading Researcher of
the Volgograd center for Social Research. His-main research interests include Big History,
evolution, biotechnologies, global technological transformations and forecasts. He is the
co-author of the monograph From Biface to Nanorobots: The World on the Way to the
Epoch of Self-Regulating Systems (2015; Uchitel Publishing House; in Russian) and a
number of articles including ‘Macroevolution of Technology’ and ‘Global Technological
Transformations’.

Andrey V. KOROTAYEV has a PhD in Middle Eastern Studies from the University of
Manchester and a DrSc in History from the Russian Academy of Sciences. He heads the
Laboratory for Monitoring of the Sociopolitical Destabilization Risks at the National
Research University Higher School of Economics, Moscow, Russia. He is also Senior
Research Professor at the Eurasian Center for Big History and System Forecasting of the
Institute of Oriental Studies and Institute for African Studies, Russian Academy of Sciences.
He is the author of over 300 scholarly publications, including such monographs as Ancient
Yemen (Oxford University Press, 1995), World Religions and Social Evolution of the Old World
Oikumene Civilizations: A Cross-Cultural Perspective (The Edwin Mellen Press, 2004),
Introduction to Social Macrodynamics: Compact Macromodels of the World System Growth
(URSS, 2006), Introduction to Social Macrodynamics: Secular Cycles and Millennial Trends
(URSS, 2006), Great Divergence and Great Convergence. A Global Perspective (Springer,
2015), Economic Cycles, Crises, and the Global Periphery (Springer, 2016). He is a laureate of
a Russian Science Support Foundation in ‘The Best Economists of the Russian Academy of
Sciences’ Nomination (2006); in 2012 he was awarded with the Gold Kondratieff Medal by
the International N. D. Kondratieff Foundation.


https://doi.org/10.1016/j.techfore.2020.119973
https://doi.org/10.1016/j.techfore.2020.119973
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0069
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0069
https://doi.org/10.1016/j.techfore.2011.03.020
https://doi.org/10.1016/j.techfore.2011.03.020
https://doi.org/10.1007/978-3-030-33730-8_8
https://doi.org/10.1007/978-3-030-33730-8_8
https://doi.org/10.1093/jlb/lsaa023
https://doi.org/10.1007/s42438-020-00155-y
https://doi.org/10.1007/s42438-020-00155-y
https://doi.org/10.1111/bjso.12398
https://www.researchamerica.org/sites/default/files/Publications/InvestmentReport2019_Fnl.pdf
https://www.researchamerica.org/sites/default/files/Publications/InvestmentReport2019_Fnl.pdf
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0076
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0077
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0077
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0078
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0079
https://www.expressvpn.com/blog/digital-security-lab-location-trackers-smartphone-apps-research/
https://www.expressvpn.com/blog/digital-security-lab-location-trackers-smartphone-apps-research/
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0081
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0081
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0081
https://doi.org/10.1093/pa/54.1.88
https://doi.org/10.1093/pa/54.1.88
https://doi.org/10.1111/1468-2230.12462
https://doi.org/10.1111/1468-2230.12462
https://doi.org/10.2139/ssrn.3564671
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0085
http://www.scb.se/en/finding-statistics/statistics-by-subject-area/education-and-research/research/government-budget-allocations-for-rd/pong/statistical-news/government-budget-allocations-for-rd-gbard-2020/
http://www.scb.se/en/finding-statistics/statistics-by-subject-area/education-and-research/research/government-budget-allocations-for-rd/pong/statistical-news/government-budget-allocations-for-rd-gbard-2020/
http://www.scb.se/en/finding-statistics/statistics-by-subject-area/education-and-research/research/government-budget-allocations-for-rd/pong/statistical-news/government-budget-allocations-for-rd-gbard-2020/
http://theconversation.com/coronavirus-us-and-uk-governments-losing-public-trust-137713
http://theconversation.com/coronavirus-us-and-uk-governments-losing-public-trust-137713
https://doi.org/10.1016/j.matpr.2020.11.336
https://doi.org/10.1016/j.matpr.2020.11.336
https://doi.org/10.1016/j.nantod.2020.101019
https://doi.org/10.1016/j.nantod.2020.101019
https://www.technavio.com/report/global-3d-facial-recognition-systems-market-analysis-share-2018
https://www.technavio.com/report/global-3d-facial-recognition-systems-market-analysis-share-2018
https://www.technavio.com/report/global-3d-facial-recognition-systems-market-analysis-share-2018
https://ksusentinel.com/2021/01/11/impact-of-covid-19-on-adaptive-traffic-control-system-market-growth-segments-size-industry-analysis-and-opportunities-2030/
https://ksusentinel.com/2021/01/11/impact-of-covid-19-on-adaptive-traffic-control-system-market-growth-segments-size-industry-analysis-and-opportunities-2030/
https://ksusentinel.com/2021/01/11/impact-of-covid-19-on-adaptive-traffic-control-system-market-growth-segments-size-industry-analysis-and-opportunities-2030/
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0093
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0093
https://publicadministration.un.org/egovkb/en-us/About/UNeGovDD-Framework
https://publicadministration.un.org/egovkb/en-us/About/UNeGovDD-Framework
https://doi.org/10.3390/socsci9090165
https://doi.org/10.3390/socsci9090165
https://doi.org/10.1016/S0140-6736(20)30677-2
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0097
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0097
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0097
https://doi.org/10.1021/acsnano.0c03697
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0099
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0099
http://refhub.elsevier.com/S0040-1625(21)00779-4/sbref0099
https://www.who.int/publications/m/item/a-coordinated-global-research-roadmap
https://www.who.int/publications/m/item/a-coordinated-global-research-roadmap
https://www.who.int/news-room/commentaries/detail/immunity-passports-in-the-context-of-covid-19
https://www.who.int/news-room/commentaries/detail/immunity-passports-in-the-context-of-covid-19
http://dataexplorer.wittgensteincentre.org/wcde-v2/
http://dataexplorer.wittgensteincentre.org/wcde-v2/
https://doi.org/10.1016/j.techfore.2020.120231
https://doi.org/10.1016/j.techfore.2020.120231
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html
https://www.nytimes.com/interactive/2020/science/coronavirus-vaccine-tracker.html

